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Description

This invention relates generally to torque transmis-
sion systems and more particularly to a geared drive
system for powering a bladed propulsor.

Torque is often transmitted through rotating ma-
chines from a source of torque to an output device or
component. One example is a bladed propulsion system
for powering aircraft. In such systems, a powerplant is
the source of torque and rotary motion. A drive system
conveys the torque and rotary motion to propulsor
blades which may be a propeller or fan of a reciprocating
engine or gas turbine engine. Frequently, it is desirable
or necessary for the rotational speed of the propulsor
blades to be different, generally slower, than that of the
power plant.

One way todrive the fan at a rotational speed slower
than that of the power plant is to employ a geared drive
system which includes a planetary gear train as a mem-
ber of the drive system. Planetary gear trains are well
known and include three gear assemblies--a sun gear
assembly including a sun gear, a ring gear assembly in-
cluding a ring gear, and a planet gear assembly includ-
ing a planet carrier supporting a plurality of planet gears
disposed mechanically intermediate of and in meshing
engagement with the ring gear and the sun gear. The
sun gear, ring gear and planet carrier share a common
longitudinally extending central axis about which at least
two of them rotate. The planet gears each have an indi-
vidual axis of rotation. Typically, the sun gear, ring gear,
planet carrier and planet gear axes are all parallel.

Planetary gear trains are highly versatile. In certain
planetary gear trains characterized by a single input and
a single output, any one of the aforementioned three
gear assemblies can be connected to a rotary input. Ei-
ther of the other two of the three gear assemblies can
serve as an output by being connected to a load to be
driven while the remaining gear assembly is held sta-
tionary relative to the other two.

A planetary gear train arrangement that accom-
plishes a speed reduction is one whose sun gear as-
sembly is driven by the power plant and whose ring gear
assembly is stationary. The planet gears each rotate
about their individual axes while simultaneously orbiting
about the sun gear. The planet gear orbital motion ro-
tates the carrier about the common central axis. The car-
rier rotary motion is conveyed to the load, in this case
the propulsor blades, by an output shaft or other suitable
mechanical structure.

A shortcoming of drive systems that include plane-
tary gear trains arises from the torsional deflection that
the drive system will necessarily experience under load
due to the elasticity of the materials from which the drive
system is made. Some of the torsional deflection occurs
in the planet carrier. That is, under an operational load,
the carrier structure twists about its central axis so that
portions of the carrier which are axially spaced from one
another are circumferentially displaced relative to each
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other. When this occurs, the parallelism of the planet
gear axes relative to the sun gear and ring gear axes is
disturbed.

Such disturbance of the gear axis parallelism is un-
desirable. Gear tooth geometry is often predicated on
parallelism between the sun gear, ring gear and planet
gear axes. When the parallelism is disturbed under op-
erational load, the tooth mesh deviates from the opti-
mum, resulting in maldistribution of loads along the gear
teeth, unequal sharing of the loads between the plurality
of planet gears, accelerated gear tooth wear, increased
likelihood of gear tooth breakage and increased noise.

Carrier torsional deflection can also cause wear in
the bearing system that supports the planet gears in the
carrier. For example, the planets may be supported in
the carrier by cylindrical journals that extend through a
bore at the center of each planet gear and are securely
attached to the carrier. A thin, essentially cylindrical film
of lubricant separates the outer periphery of each jour-
nal from the bearing surface at the bore of each planet
gear. The axis of each journal and the axis of its asso-
ciated planet gear must remain substantially parallel so
that the lubricant film can maintain separation between
the gear bore and the journal along the entire axial
length of the bearing surface. When the carrier under-
goes torsional deflection, each journal is corresponding-
ly deflected along its length, and in particular, its axis
becomes skewed or nonparallel relative to the central
axis of the gear train. The ability of the planet gear axes
to experience a like displacement, thereby remaining
parallel to the journal axes, will be at least partially coun-
teracted by the meshing of the planet gears with the ring
gear and sun gear. Consequently, the axes of the jour-
nals and the axes of the associated planet gears tend
to become nonparallel, compromising the lubricant
film's ability to separate the journals from the bearing
surfaces at the bore of each gear.

The aforementioned problems might be mitigated
by designing the gear teeth to be compatible with a pre-
dicted amount of nonparallelism, but this approach is
completely effective only at a single operating condition.
Attempting to accommodate the shoricomings by
strengthening the affected components to tolerate the
added wear and stress adds weight and physical size
and, therefore, is unacceptable in some applications.
Furthermore, the inadequacies of conventional geared
drive systems are magnified with increasing power
transmission requirements.

In view of these problems and the unacceptability
of conventional solutions in certain environments, a high
capacity, compact, reliable, light weight geared drive
system that isolates the gears from the adverse effects
of carrier torsional deflection is sought.

In accordance with the present invention the short-
comings of prior art geared drive systems using plane-
tary gear trains are significantly reduced by pivotable
joints which connect the planet carrier to one end of a
torque transfer structure or torque frame. The other end
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of the torque frame is connected to either a rotating load
or to a nonrotating support structure. The joint arrange-
ment between the planet carrier and the torque frame
isolates the carrier from torsional deflections.

In board terms, the invention provides a geared
drive system for a bladed propulsor as claimed in claim
1.

In an exemplary embodiment, the sun gear assem-
bly of a planetary gear train receives torque and rotary
motion from a source thereof such as the power plant
of an aircraft gas turbine engine. Thering gearassembly
remains stationary and the planet carrier, which is part
of a planet gear assembly, is rotatably driven about a
central axis by the orbital motion of a plurality of planet
gears in a well known manner. A torque transfer struc-
ture ortorque frame forms at least part of the mechanical
path between the planet carrier and the load being driv-
en.

The torque frame is circumferentially discontinuous
at a first end thereby defining a plurality of axially ex-
tending arms. A plurality of joints, circumferentially dis-
posed with respect to the carrier and each pivotable
about a radial axis, connects at least some of the torque
frame arms to the carrier. Under operational load, each
joint exerts an individual reaction force on the carrier.
Preferably, the joints are positioned so that the resultant
reaction force associated with these individual reaction
forces is axially coincident with the resultant driving
force that rotates the carrier. The torque frame also has
a second end near which a connection is made to a ro-
tating component, which in the exemplary embodiment
is part of a rotating structure for conveying torque and
rotary motion to a fan. In an alternative arrangement,
the second end of the torque frame is connected to a
mechanical ground that prevents rotation of the torque
frame and, therefore, of the carrier.

Rotary motion of the bladed propulsor is resisted by
aerodynamic forces acting at finite distances from a cen-
tral axis thereby creating a torque load which torsionally
deflects the torque frame. The torsional deflection man-
ifests itself as bending of the arms at the first end of the
torque frame. The pivotability of the joints connecting
the torque frame arms to the carrier prevents the bend-
ing of the arms from transmitting any torsional deflection
into the carrier. Instead, the carrier experiences only es-
sentially tangentially directed reaction forces at each
joint location. By locating the joints so that their resultant
reaction force is axially coincident with the resultant
force that rotates the carrier, the carrier is also isolated
from the twisting effect that would result if the driving
force and reaction force were axially separated.

In an alternative arrangement and operational
mode of the planetary gear train, the planet carrier is
held stationary and the ring gear assembly is connected
to a load to be driven. In this mode, as in all other alter-
native modes, the same pivotable joint configuration
connects the carrierto the torque frame near its first end.
The second end of the torque frame is connected to a
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nonrotating support structure suitable for precluding ro-
tary motion of the carrier; the carrier reacts the torque
being conveyed through the rotating components of the
gear train rather than participating in the conveyance.
In other possible arrangements and operational
modes, none of the gear assemblies is stationary. One
of the assemblies is adapted to accept a rotary input
while both of the remaining assemblies are rotary out-
puts. Use of the pivotable joint as described herein for
connecting the planet carrier to the torque frame bene-
fits these single input, dual output configurations as well.
In one embodiment, the pivotable joint is a spherical
bearing allowing pivotable motion about a radial axis. In
another embodiment, the joint is a radially oriented trun-
nion connecting the torque frame to the planet carrier.
Other pivotable connections would be equally suitable.
The efficacy of the invention is independent of other
details of the planetary gear train such as the type of
gears and the type of bearing arrangement used to sup-
port the planet gears in the carrier.
Some preferred embodiments of the present inven-
tion will now be described, by way of example only, with
reference to the accompanying drawings in which :

Fig. 1 is a schematic cross-sectional elevation of a
high bypass aircraft engine employing a geared
drive system of the present invention;

Fig. 2 is an enlarged cross-sectional elevation of the
geared drive system employed in Fig. 1;

Fig. 3 is a simplified schematic perspective view of
a prior art geared drive system with selected ele-
ments removed for clarity;

Fig. 4 is a fragmentary cross-sectional elevation of
one embodiment of a joint employed in a geared
drive system of the present invention;

Fig. 5 is a partially sectioned perspective view of an
alternative embodiment of a joint employed in a
geared drive system of the present invention;

Fig. 6 is a simplified perspective view of a planet
carrier of a geared drive system of the present in-
vention showing various forces acting on the carri-
er; and

Fig. 7 is a view similar to Fig. 6 but showing a dif-
ferent force arrangement that preserves the bene-
fits of the present invention.

The best mode for carrying out the invention is set
forth in the context of a high bypass gas turbine aircraft
engine shown schematically in Fig. 1. The engine in-
cludes a powerplant 2, a bladed propulsor or fan 4, and
a drive system 6 for conveying rotary motion from the
powerplant to the fan. In this exemplary embodiment,
the drive system is a geared drive system including a
planetary gear train 8 and a torque transfer structure or
torque frame 10.

The power plant includes axial flow compressor 12
and 13 rotating about a longitudinally extending central
axis 14 to compress intake air 3 and deliver it to a com-
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bustor 16 to be mixed with fuel (not shown) and ignited.
Axial flow turbine 18 extracts energy from the hot com-
bustion gases and, by means of shaft 21 drives com-
pressor 13. Similarly, turbine 19 drives compressor 12
by means of shaft 20. Fan 4 is also driven by turbine 19,
however, a planetary gear train 8 and a torque frame 10
are located mechanically intermediate the shaft 20 and
the fan 4. The fan imparts a modest acceleration to a
large volume of air, thereby producing substantial for-
ward thrust. Any energy not consumed in the turbine to
drive the fan and compressor is converted to addition
forward thrust in the exhaust nozzle 22.

Referringto Figs. 1 and 2, in the planetary gear train
8, a sun gear 24 is rotatably driven by the shaft 20. A
ring gear 26 is fixed to the engine static structure and
remains stationary relative to the rotating sun gear. A
plurality of planet gears 28 is rotatably mounted in a
planet carrier 30 so that each planet gear is in meshing
engagement with the sun gear and ring gear. The sun
gear, planet carrier and ring gear share the common
central axis 14 while the planet gears have individual
axes of rotation 32. In the illustrated embodiment, the
sun gear and planet carrier are rotatable about the cen-
tral axis while the ring gear is fixed relative thereto. Pref-
erably, the gears are bihelical to ensure smooth mesh-
ing and quiet operation, however, the invention is inde-
pendent of the type of gears used, and simple spur
gears are depicted in the Figures to ensure clarity of the
disclosure.

The geared drive system of Fig. 1 is illustrated in
more detail in Fig. 2. A sun gear assembly 50 includes
the forward portion 19 of the shaft 20 and the sun gear
24. A stationary ring gear assembly 52 includes the ring
gear 26 and a nonrotating support structure 54 which
may be the engine case or a mounting arrangement
connecting the ring gear to the engine case. A planet
gear assembly 56 includes the plurality of planet gears
28, a carrier 30 having a forward end plate 31 and a rear
end plate 33, and planet gear journals 58 mounted in
the carrier for rotatably supporting the planet gears. The
carrier 30 also includes a plurality of apertures, one of
which is shown at 76, circumferentially intermediate the
planet gears 28.

The sun gear assembly 50 is an input gear assem-
bly since it is the component of the planetary gear train
that receives rotary motion and torque from the power-
plant 2 (Fig. 1). The planet gear assembly 56 is an output
gear assembly since it is the component of the planetary
gear train that transmits rotary motion and torque out of
the planetary gear train to the fan.

The torque frame 10 completes the connection from
the planet carrier 30 tothe bladed propulsor represented
by fan blades 4 mounted in the periphery of a disk 70
whose bore 72 is adapted, as by a spline 71, to mate
with the torque frame and rotate therewith. The torque
frame has a circumferentially discontinuous first end 9,
terminating in a series of discrete and therefore inde-
pendently flexible arms 78, and a second end 11 spaced
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axially from the first end. Each arm has a proximal end
29 integral with the torque frame and a distal end 34.
Each arm projects through a corresponding aperture 76
in the forward end plate 31. At each of a plurality of lo-
cations circumferentially intermediate the planet gears,
a joint 79 connects the carrier to the distal ends of the
torque frame arms 78. At the distal end of each arm, the
longitudinal centerline 35 of each arm is at a radius at
least as great as that of the planet gear axes 32. Con-
sequently, at least a portion of the distal end of each arm
is at a radius greater than that of the planet gear axes.
Near its second end, the torque frame 10 is connected
to the rotating disk 70.

During operation, rotary motion of the fan blades 4
is resisted by forces generated when the fan blades in-
teract with the ambient air. Because these resistive forc-
es act at a finite distance from the central axis 14, their
cumulative effect is to create a torque that must be over-
come by the power plant. The joint configuration by
which torque is communicated through the planet gear
assembly to the torque frame is the central feature of
the present invention and is best appreciated in contrast
to the conventional arrangement depicted in Fig. 3.

Fig. 3 illustrates a geared drive system of conven-
tional construction. As with the present invention, the
geared drive system includes a ring gear 26', a sun gear
24', planet gears 28', a planet carrier 30", and a torque
frame 10'. The planet carrier 30' has a forward end plate
31'andarear end plate 33'. Each planet gear is rotatably
supported in the carrier by a journal 58', and each jour-
nal has a central axis 32' which is the axis of rotation of
the associated planet gear. For clarity, only one journal
is shown and other structure connecting forward and
rear end plates 31' and 33' has been omitted. Similarly,
the fan blades are not shown; instead they are repre-
sented by the torque T that they impose on the drive
system. The powerplant rotates the sun gear, planet car-
rier, and torque frame in direction R, opposite to the di-
rection of the torque load T. Typical of the prior art, the
torque frame is secured to the planet carrier so that the
carrier experiences at least some of the torsional deflec-
tion occurring between the powerplantandthe load. The
torque frame is shown as a simple shaft secured to one
end plate of the planet carrier. Many other constructions
are possible including those in which the torque frame
is integral with and indistinguishable from the carrier,
however, they all share the characteristic that they trans-
fer torsional deflection into the planet carrier. Conse-
quently, the forward end plate 31' and rear end plate 33'
of the planet carrier are circumferentially displaced rel-
ative to each other through an angle 6. Each journal 58'
is similarly deflected as shown in phantom so that the
planet gear rotational axis 32' assumes a deflected ori-
entation 32". Since the sun gear and ring gear axes re-
main parallel to the central axis 14' while the planet gear
axes have become skewed or nonparallel relative there-
1o, the mesh between the planet gears and the sun gear,
and the mesh between the planet gears and the ring
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gear deviate from the mesh that would have occurred
had the axes remained parallel. If allowances are made
in the gear tooth design to accommodate the effects of
nonparallelism, they will only be completely effective at
a single operating condition. Reinforcing the planetary
gear train as by stiffening the carrier to minimize torsion-
al deflection or by strengthening the gear teeth generally
involves increased weight, cost, or physical size, all of
which may be unacceptable.

The present invention isolates the planet carrier
from the effects of torsional deflection by transferring
torque fromthe carrierto the torque frame such that sub-
stantially all of the torsional deflection is experienced in
the torque frame, and substantially none of the torsional
deflection occurs in the planet carrier. One embodiment
of the unique interface responsible for this isolation is
illustrated in Fig. 4 which shows the forward end plate
31 and rear end plate 33 of the carrier 30 abuttingly mat-
ed together by carrier assembly bolts 90 (only two of
which are shown). As best seen in Fig.'s 6 and 7, the
abutting contact extends over a substantial portion of
the circumference of the carrier. The mating surfaces of
the carrier end plates define shoulders 93, and the for-
ward end plate 31 of the carrier includes a series of ap-
ertures 76 circumferentially intermediate the sun gears.
At corresponding circumferential locations, the torque
frame 10 is circumferentially discontinuous, terminating
in a series of discrete arms 78. Each arm extends axially
through the apertures to a location axially intermediate
the forward end plate 31 and rear end plate 33 of the
carrier where each arm is connected to the carrier by a
joint 79 mechanically intermediate the torque frame and
the carrier. Joint 79 is a spherical bearing 80 comprising
a housing 82 with a flange 83 and a truncated spherical
ball 84 trapped within the housing, but capable of pivot-
able motion about both a radial axis 86 perpendicular to
the plane of the illustration and a tangential axis 88. A
housing attachment nut 92 threads onto the end of the
housing opposite the flange 83 to clamp the housing 82
onto the shoulder 93 to secure the spherical bearing to
the carrier. An attachment bolt 96 extends through a
substantially axial first hole 98 in each torque frame arm
and a second hole 99 in the ball. The attachment bolts
96 and mating nuts 94 effect the connection of each
torque frame arm 78 to the articulating balls 84 and
hence to the carrier 30.

Under torsional load, the torsional deflection or
twisting of the torque frame is manifested as bending of
the torque frame arms 78 from their undeflected position
through an angle 6' to their deflected position 78" shown
in phantom. The pivotability of the ball 84 about the ra-
dial axis 86 and the bending of the torque frame arms
isolate the carrier 30 from torsional deflections.

Alternative pivotable connections between the car-
rier and the torque frame are equally suitable. Fig. 5
shows one such connection where each torque frame
arm 78 includes a radially extending hole 100 fitted with
a pressed-in bushing 102. The carrier 30 includes cor-
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responding holes 101, also fitted with bushings 103. A
trunnion 104, radially disposed in the holes 101 in the
carrier 30 and retained therein by a trunnion retention
screw 105, extends through the hole 100 in the torque
frame arms 78 to pivotably join the carrier and the torque
frame. Under operational load, the torque frame arm 78
and the bushing 102 pivot about radial axis 86 while the
trunnion remains stationary relative to the carrier. As in
the case of the ball joint 80 of Fig. 4, the trunnion con-
nection accommodates bending of the torque frame
arms in the tangential direction without imposing any
twist or torsional deflection on the carrier.

The axial positioning of the pivotable joint also con-
tributes to the performance of the drive system of the
present invention. Fig. 6 illustrates, in simplified form, a
planet carrier 30 rotating in direction R about the central
axis 14. A distributed driving force 110, symmetrical
about the axial midpoint 112 of the planet gears 28, rep-
resents the force conveyed to the carrier by the planet
gear orbital motion. The distributed driving force, which
urges rotation of the carrier and, therefore, of the output
gear assembly, can be represented by a resultant driv-
ing force 114 acting on the carrier at a location corre-
sponding to the axial midpoint 112 of the planet gears.
The carrier also experiences an individual reaction force
118 at each location 116 corresponding to the axial and
circumferential position of each pivotable joint (not
shown). The pivotable joints are axially positioned at lo-
cations 116 so that their individual reaction forces 118
all lie on a common plane perpendicular to the central
axis 14 and located at the axial midpoint 112 of the plan-
et gears. Consequently, the net resultant reaction force
120 corresponding to the individual reaction forces 118
also acts at the axial midpoint 112. The axial coinci-
dence of the resultant reaction force 120 and the result-
ant driving force 114 at the axial midpoint 112 ensures
that the carrier does not experience torsional deflection.
If the axial coincidence were absent, for example, if the
joints are placed so that their resultant reaction force
120" is axially separated by a distance S from the result-
antdrivingforce 114, the carrier will be subject to a twist-
ing influence tending to diminish the benefits of the
spherical bearing.

Fig. 7 illustrates staggering of the joint positions 116
forward and rearward of the midpoint 112. The distrib-
uted driving force 110, symmetrical about the axial mid-
point 112 of the planet gears, urges rotation of the carrier
and, therefore, of the output gear assembly. The distrib-
uteddriving force can be represented by a resultant driv-
ing force 114 acting on the carrier at a location corre-
sponding to the axial midpoint 112 of the planet gears.
Circumferentially neighboring joints (not shown) are po-
sitioned at locations 116", forwardly offset from the mid-
point 112 by a distance d and 116" rearwardly offset from
the midpoint by an equal distance d. Because of the cir-
cumferentially alternating positioning of the joints at
equal distances forward and rearward of the midpoint
112, the corresponding individual reaction forces 118’
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and 118" yield a resultant reaction force 120 acting at
the midpoint 112 and axially coincident with the resultant
driving force 114. The axial coincidence of the resultant
reaction force 120 and the resultant driving force 114 at
the axial midpoint 112 isolates the carrier from torsional
deflection.

In the foregoing disclosure of the best mode for car-
rying out the invention, the sun gear assembly 50 (Fig.
2) is the input gear assembly, the planet gear assembly
56 is the output gear assembly, and the ring gear as-
sembly is stationary. Those skilled in the art will appre-
ciate that any one of these three gear assemblies can
be the input, either of the remaining two gear assemblies
can be the output and the remaining gear assembly can
be stationary. For example, in one arrangement the
planet carrier is stationary and the ring gear rotates. In
this arrangement, the sun gear assembly is the input
gear assembly, but the ring gear assembly, rather than
the planet gear assembly, is the output gear assembly.
This gear arrangement requires the ring gear support
structure 54 to be rotatable about the central axis 14,
andthe planet carrier 30 to be stationary. In this arrange-
ment, the torque frame connects the planet carrier, by
way of pivotable joints as described hereinabove, to a
stationary component, for example, the nonrotating sup-
port structure of a gas turbine engine, for reacting the
torque being conveyed through the gear train. The dis-
tributed driving force 110 and its resultant 114 are still
present but do not cause rotary motion of the carrier.

Geared drive systems can also be arranged so that
one of the sun gear assembly, ring gear assembly, and
planet gear assembly is an input gear assembly but that
both of the remaining gear assemblies are output gear
assemblies. This single input, dual output arrangement
also benefits from the present invention provided the
planet carrier is connected to the torque frame proxi-
mate its first end with pivotable joints as described here-
inabove.

The best mode for carrying out the invention uses
bihelical gears and a journal bearing arrangement to
support the planet in the carrier. However, other gear
types and bearing arrangements can be used without
departing from the spirit and scope of the present inven-
tion.

Although this invention was described in the context
of geared axial flow gas turbine engines, it is applicable
to other machines that transmit torque through a plane-
tary gear train.

Claims
1. A geareddrive system for a bladed propulsor, com-
prising:
a planetary gear train (8) including:

a sun gear assembly (50) comprising a sun
gear (24),
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a ring gear assembly (52) comprising a ring
gear (26),

a planet gear assembly (56) comprising a plu-
rality of planet gears (28) mounted in a planet
carrier (30) and disposed mechanically inter-
mediate of and in meshing engagement with
the sun gear (24) and the ring gear (26), the
planet carrier (30) having a forward end plate
(81) and a rear end plate (33) abuttingly mated
to each other, the abutting contact between the
plates extending over a substantial portion of
the circumference of the carrier, the forward
end plate (31) also having a plurality of aper-
tures (76),

wherein one of the sun gear assembly (50), ring
gear assembly (52), and planet gear assembly
(56) is an input gear assembly receiving torque
from a source thereof and at least one of the
remaining of the sun gear assembly (50), ring
gear assembly (52) and planet gear assembly
(56) is an output gear assembly for delivering
the torque to a load; and

a torque transfer structure (10) having a first
end (9) terminating in a series of discrete, inde-
pendently flexible arms (78), each arm having
a proximal end (29) and a distal end (34), each
arm (78) projecting axially through a corre-
sponding end plate aperture (76), the distal
ends (34) of the arms (78) being joined to the
planet gear assembly (56) by a plurality of joints
(79), at least a portion of the distal end (34) of
each arm being at a radius greater than that of
the planet gear axes (32), each of said joints
(79) being, with respect to a load path through
the gear train, mechanically intermediate the
torque transfer structure (10) and the planet
gear assembly (56) wherein each joint (79) is
pivotable about at least a radial axis (86).

The geared drive system of claim 1 wherein the piv-
otable joints (79) are located with respect to the
planet carrier (30) such that a resultant driving force
acting on the planet carrier (30) and a resultant re-
action force exerted by the pivotable joints (79) on
the carrier (30) are axially coincident.

The geared drive system of claim 1 or 2 wherein the
sun gear assembly (50) is the input gear assembly,
the planet gear assembly (56) is the output gear as-
sembly and the ring gear assembly (52) is station-
ary with respect to the sun gear assembly (50) and
the planet gear assembly (56).

The geared drive system of claim 1 or 2 wherein the
sun gear assembly (50) is the input gear assembly,
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the ring gear assembly (52) is the output gear as-
sembly and the planet carrier (30) is stationary with
respect to the sun gear assembly (50) and the ring
gear assembly (52).

The geared drive system of claim 1 or 2 wherein the
sun gear assembly (50) is the input gear assembly,
and the ring gear assembly (52) and planet gear as-
sembly (56) are the output gear assemblies.

The geared drive system of any of claims 1 to 5
wherein the joints (79) comprise spherical bearings
(80).

The geared drive system of claim 6 wherein:

a first end of the torque transfer structure (10)
terminates in a plurality of arms (78) each hav-
ing a substantially axial first hole (98) there-
through, and

each spherical bearing (80) comprises:
ahousing (82) secured to the planet carrier (30)
and stationary with respect thereto,

a ball (84) disposed within the housing (82) and
capable of pivotable motion with respect there-
to about at least the radial axis (86), each ball
also being connected to a corresponding one
of the plurality of arms (78).

8. The geared drive system of any of claims 1 to 5

wherein:

the first end of the torque transfer structure (10)
terminates in a plurality of arms (78) each hav-
ing a radially extending hole (100) there-
through,

the carrier (30) includes a plurality of corre-
sponding radially extending holes (101), and
a trunnion (104) is radially disposed through
each radially extending hole (100) and through
each corresponding hole (101) to pivotably join
the torque frame (10) to the carrier (30).

9. The geared drive system of any preceding claim

wherein the sun gear (24), the ring gear (52), and
the plurality of planet gears (28) are bihelical.

10. A geared drive system for a bladed propulsor, com-

prising:
a planetary gear train including:

a sun gear assembly (50) comprising a sun
gear (24) driven by a source of input torque,

a ring gear assembly (52) comprising a ring
gear (26) stationary with respectto the sun gear
assembly (50),
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aplanet gearassembly (56) including a plurality
of planet gears (28) supported in a planet car-
rier (30) by journals and disposed mechanically
intermediate of and in meshing engagement
with the sun gear (24) and the ring gear (26)
whereby the planet carrier (30) is urged to ro-
tate by a resultant driving force, the planet car-
rier (30) having a forward end plate (31) and a
rear end plate (33) abuttingly mated to each
other, the abutting contact between the plates
extending over a substantial portion of the cir-
cumference of the carrier (30), the forward end
plate (31) also having a plurality of apertures
(76);

a torque transfer structure (10) for driving a
load, the torque transfer structure (10) being ro-
tatable about a central axis (14) and having a
first end (9) terminating in a series of discrete,
independently flexible arms (78), each arm
having a proximal end (29) and a distal end
(84), each arm projecting axially through a cor-
responding end plate aperture (76), at least a
portion of the distal end (34) of each arm (78)
being at a radius greater than that of the planet
gear axes (32), the torque transfer structure al-
so having a second end (11) connected to a ro-
tating component (4); and

a plurality of joints (79) circumferentially dis-
posed with respect to the carrier (30), each of
said joints (79) being, with respect to a load
path through the gear train, mechanically inter-
mediate the torque transfer structure (10) and
the planet gear assembly (56) and each joint
(79) being pivotable about at least a radial axis
(86) for joining the planet carrier (30) to the dis-
tal ends (34) of the arms (78), each joint (79)
exerting a resultant reaction force on the carrier
(30) and wherein the joints (79) are axially po-
sitioned with respect to the carrier (30) such
that the resultant reaction force is axially coin-
cident with the resultant driving force at the ax-
ial midpoint of the planet gears (28) or transmit-
ting the resultant driving force from the carrier
to the arms without imposing torsional deflec-
tion on the carrier (30).

11. A geareddrive system for a bladed propulsor, com-

prising:
a planetary gear train (8) including:

a sun gear assembly (50) comprising a sun
gear (24) driven by a source of input torque,

a ring gear assembly (52) comprising a ring
gear (26) stationary with respectto the sun gear
assembly (50),
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a planet gear assembly (56) comprising a plu-
rality of planet gears (28) supported in a planet
carrier (30) by journals and disposed mechan-
ically intermediate of and in meshing engage-
ment with the sun gear (24) and the ring gear
(26) whereby the planet carrier (30) is urged to
rotate by a resultant driving force, the planet
carrier (30) having a forward end plate (31) and
a rear end plate (33) abuttingly mated to each
other, the abutting contact between the plates
(31,33) extending over a substantial portion of
the circumference of the carrier (30), the for-
ward end plate (31) also having a plurality of
apertures (76);

a torque transfer structure (10) for driving a
load, the torque transfer structure (10) being ro-
tatable about a central axis (14) and having a
first end (9) terminating in a series of discrete,
independently flexible arms (78), each arm
having a proximal end (29) and a distal end
(34), each arm (78) projecting axially through a
corresponding end plate aperture (76), at least
a portion of the distal end (34) of each arm (78)
being at a radius greater than that of the planet
gear axes (32), the torque transfer structure
(10) also having a second end connected to a
rotating component (11); and

a plurality of joints (79) circumferentially dis-
posed with respect to the carrier (30), each of
said joints (79) being, with respect to a load
path through the gear train, mechanically inter-
mediate the torque transfer structure (10) and
the planet gear assembly (56) and each joint
(79) being pivotable about at least a radial axis
(86) for joining the planet carrier (30) to the dis-
tal ends (34) of the arms (78), each joint (79)
exerting a resultant reaction force on the carrier
(30) and wherein the joints (79) are axially po-
sitioned with respect to the carrier (30) on a
common plane perpendicular to the central axis
(14) and at the axial midpoint (112) of the planet
gears (28) for transmitting the resultant driving
force from the carrier (30) to the arms (78) with-
out imposing torsional deflection on the carrier
(30).

12. A geared drive system as in claim 10 or 11 wherein
the sun gear assembly (50) is an input gear assem-
bly for receiving torque from a source thereof the
ring gear assembly (52) is an output gear assembly
for delivering torque to a load, the planet carrier (30)
is stationary, and the second end (11) of the torque
transfer structure (10) is connected to a nonrotating
structure.
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Patentanspriiche

1. Getriebeantriebssystem fiir eine Schaufelvortriebs-
einrichtung, aufweisend:
ein Planetengetriebe (8) aufweisend:

eine Sonnenradanordnung (50) mit einem Son-
nenrad (24),

eine Hohlradanordnung (52) mit einem Hohlrad
(26),

eine Planetenradanordnung (56) mit mehreren
Planetenradern (28), die in einem Planetentra-
ger (30) montiert sind und mechanisch zwi-
schen und in k&mmendem Eingriff mit dem
Sonnenrad (24) und dem Hohlrad (26) ange-
ordnet sind, wobei der Planetentrager (30) eine
vordere AbschluBplatte (31) und eine hintere
AbschluBplatte (33) aufweist, die anliegend
miteinander zusammengepaBt sind, wobei sich
der anliegende Kontakt zwischen den Platten
Uber einen wesentlichen Teil des Umfangs des
Tragers erstreckt und wobei die vordere Ab-
schluBplatte (31) auch mehrere Offnungen (76)
aufweist, wobei eine von der Sonnenradanord-
nung (50), der Hohlradanordnung (52) und der
Planetenradanordnung (56) eine Antriebsrad-
anordnung ist, die Drehmoment von einer
Drehmomentquelle erhalt, und mindestens ei-
ne von den ubrigen von der Sonnenradanord-
nung (50), der Hohlradanordnung (52) und der
Planetenradanordnung (56) eine Abtriebsrad-
anordnung zum Abgeben des Drehmoments
an eine Last ist; und

eine Drehmomentubertragungsstruktur (10)
mit einem ersten Ende (9), das in einer Reihe
von diskreten, unabhangig biegbaren Armen
(78) endet, die je ein nahes Ende (29) und ein
entferntes Ende (34) aufweisen und axial durch
eine korrespondierende Offnung (76) der Ab-
schluBplatte ragen, wobeidie entfernten Enden
(84) der Arme (78) durch mehrere Verbin-
dungseinrichtungen (79) mit der Planetenrad-
anordnung (56) verbunden sind, wobei minde-
stens ein Teil des entfernten Endes (34) jedes
Arms auf einem Radius liegt, der gréBer ist als
der der Planetenradachsen (32), wobei sich je-
de der Verbindungseinrichtungen (79) in bezug
zu einem Belastungspfad durch das Getriebe
mechanisch zwischen der Drehmomentlber-
tragungsstruktur (10) und der Planetenradan-
ordnung (56) befindet und wobei jede Verbin-
dungseinrichtung (79) um mindestens eine ra-
diale Achse (86) schwenkbar ist.

2. Getriebeantriebssystem nach Anspruch 1, bei dem
die schwenkbaren Verbindungseinrichtungen (79)
in bezug zu dem Planetentrager (30) so angeordnet
sind, daB eine resultierende Antriebskraft, die auf
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den Planetentrager (30) wirkt, und eine resultieren-
de Reaktionskraft, die durch die schwenkbaren Ver-
bindungseinrichtungen (79) auf den Trager (30)
ausgelbt wird, axial zusammenfallen.

Getriebeantriebssystem nach Anspruch 1 oder 2,
bei dem die Sonnenradanordnung (50) die An-
triebsradanordnung ist, die Planetenradanordnung
(56) die Abtriebsradanordnung ist und die Hohlrad-
anordnung (52) in bezug zu der Sonnenradanord-
nung (50) und der Planetenradanordnung (56) sta-
tionar ist.

Getriebeantriebssystem nach Anspruch 1 oder 2,
bei dem die Sonnenradanordnung (50) die An-
triebsradanordnung ist, die Hohlradanordnung (52)
die Abtriebsradanordnung ist und der Planetentra-
ger (30) in bezug zu der Sonnenradanordnung (50)
und der Ringradanordnung (52) stationar ist.

Getriebeantriebssystem nach Anspruch 1 oder 2,
bei dem die Sonnenradanordnung (50) die An-
triebsradanordnung ist und die Hohlradanordnung
(52) und die Planetenradanordnung (56) die Ab-
triebsradanordnungen sind.

Getriebeantriebssystem nach einem der Anspri-
che 1 bis 5, bei dem die Verbindungseinrichtungen
(79) sphérische Lagerungen (80) aufweisen.

Getriebeantriebssystem nach Anspruch 6, bei dem
ein erstes Ende der Drehmomentibertragungs-
struktur (10) in mehreren Armen (78) endet, durch
die je eine im wesentlichen axiale erste Offnung
(98) hindurchgeht, und beidem jede sphéarische La-
gerung (80) aufweist:

ein Gehaduse (82), das an dem Planetentrager
(30) befestigtist und in bezug dazu stationar ist,
ein Kugelelement (84), das in dem Gehause
(82) angeordnet ist und in bezug dazu zu
Schwenkbewegung um mindestens die radiale
Achse (86) fahig ist, wobei jedes Kugelelement
auch mit einem korrespondierenden von den
mehreren Armen (78) verbunden ist.

Getriebeantriebssystem nach einem der Anspri-
che 1 bis 5, bei dem das erste Ende der Drehmo-
mentiibertragungsstruktur (10) in mehreren Armen
(78) endet, durch die je eine sich radial erstrecken-
de Offnung (100) hindurchgeht,

der Tréger (30) mehrere korrespondierende,
sich radial erstreckende Offnungen (101) auf-
weist, und

ein Zapfen (104) radial je durch eine sich radial
erstreckende Offnung (100) und durch eine
entsprechende Offnung (101) angeordnet ist,
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um den Drehmomentrahmen (10) mit dem Tra-
ger (30) schwenkbar zu verbinden.

9. Getriebeantriebssystem nach einem der vorange-

henden Anspriiche, bei dem das Sonnenrad (24),
das Hohlrad (52) und die mehreren Planetenrader
(28) bi-helixiérmig sind.

10. Getriebeantriebssystem fiir eine Schaufelvortriebs-

einrichtung, aufweisend:

ein Planetengetriebe aufweisend:

eine Sonnenradanordnung (50) mit einem von
einer Antriebsdrehmomentquelle angetriebe-
nen Sonnenrad (24),

eine Hohlradanordnung (52) mit einem in be-
zug zu der Sonnenradanordnung (50) stationa-
ren Hohlrad (26),

eine Planetenradanordnung (56) mit mehreren
Planetenradern (28), die in einem Planetentra-
ger (30) von Lagerachsen abgestitzt sind und
mechanisch zwischen und in kAmmendem Ein-
griff mit dem Sonnenrad (24) und dem Hohlrad
(26) angeordnet sind, wodurch der Planeten-
trager (30) durch eine resultierende Antriebs-
kraft zum Drehen gezwungen wird, wobei der
Planetentrager (30) eine vordere AbschluBplat-
te (31) und eine hintere AbschluBplatte (33)
aufweist, die anliegend miteinander zusam-
mengepalt sind, wobei sich der anliegende
Kontakt zwischen den Platten Uber einen we-
sentlichen Teil des Umfangs des Tragers (30)
erstreckt und wobei die vordere AbschluBplatte
(31) auch mehrere Offnungen (76) aufweist;
eine Drehmomentubertragungsstruktur (10)
zum Antreiben einer Last, wobei die Drehmo-
mentiibertragungsstruktur (10) um eine Mittel-
achse (14) drehbar ist und ein erstes Ende (9)
besitzt, das in einer Reihe von diskreten, unab-
hangig biegbaren Armen (78) endet, von denen
jeder ein nahes Ende (29) und ein entferntes
Ende (34) besitzt und axial durch eine korre-
spondierende Offnung (76) der AbschluBplatte
ragt, wobei mindestens ein Teil des entfernten
Endes (34) jedes Arms (78) auf einem Radius
liegt, der gréBer ist als der der Planetenradach-
sen (32) und wobei die Drehmomentibertra-
gungsstruktur auch ein mit einem Drehteil (4)
verbundenes zweites Ende (11) besitzt; und
mehrere Verbindungseinrichtungen (79), die
umfangsmaBigin bezugzudem Trager (30) an-
geordnet sind und von denen jede in bezug zu
einem Belastungspfad durch das Getriebe me-
chanisch zwischen der Drehmomentlbertra-
gungsstruktur (10) und der Planetenradanord-
nung (56) ist und um mindestens eine radiale
Achse (86) schwenkbar ist zum Verbinden des
Planetentragers (30) mit den entfernten Enden
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(34) der Arme (78), wobei jede Verbindungsein-
richtung (79) eine resultierende Reaktionskraft
auf den Trager (30) ausubt und wobei die Ver-
bindungseinrichtungen (79) axial in bezug zu

umfangsmagBig in bezug zudem Trager (30) an-
geordnet sind und von denen jede in bezug zu
einem Belastungspfad durch das Getriebe me-

10

chanisch zwischen der Drehmomentlbertra-
gungsstruktur (10) und der Planetenradanord-
nung (56) ist und um mindestens eine radiale
Achse (86) schwenkbar ist zum Verbinden des

dem Trager (30) so positioniert sind, daf3 die 5 Planetentragers (30) mit den entfernten Enden
resultierende Reaktionskraft axial mit der resul- (34) der Arme (78), wobei jede Verbindungsein-
tierenden Antriebskraft bei der axialen Mitte der richtung (79) eine resultierende Reaktionskraft
Planetenrader (28) zusammentrifft, um die re- auf den Trager (30) auslbt und wobei die Ver-
sultierende Antriebskraft von dem Trager auf bindungseinrichtungen (79) in bezug zu dem
die Arme zu Ubertragen, ohne auf den Trager 10 Trager (30) axial in einer gemeinsamen Ebene
(30) eine Torsionsverformung aufzubringen. positioniert sind, die zu der zentralen Achse
(14) rechtwinklig ist und bei der axialen Mitte
11. Getriebeantriebssystem fiir eine Schaufelvortriebs- (112) der Planetenrader (28) angeordnet ist,
einrichtung, aufweisend: um die resultierende Antriebskraft von dem
ein Planetengetriebe aufweisend: 15 Trager (30) zu den Armen (78) zu Ubertragen,
ohne auf den Trager (30) eine Torsionsverfor-
eine Sonnenradanordnung (50) mit einem von mung aufzubringen.
einer Antriebsdrehmomentquelle angetriebe-
nen Sonnenrad (24), 12. Getriebeantriebssystem nach Anspruch 10 oder 11,
eine Hohlradanordnung (52) mit einem in be- 20 bei dem die Sonnenradanordnung (50) eine An-
zug zu der Sonnenradanordnung (50) stationa- triebsradanordnung zum Empfangen von Drehmo-
ren Hohlrad (26), ment von einer Drehmomentquelle ist, die Hohlrad-
eine Planetenradanordnung (56) mit mehreren anordnung (52) eine Abtriebsradanordnung zum
Planetenradern (28), die in einem Planetentra- Abgeben von Drehmoment an eine Last ist, der Pla-
ger (30) von Lagerachsen abgestltzt sind und 25 netentrager (30) stationér ist und das zweite Ende
mechanisch zwischen und in kAmmendem Ein- (11) der Drehmomentibertragungsstruktur (10) mit
griff mit dem Sonnenrad (24) und dem Hohlrad einer nicht drehenden Struktur verbunden ist.
(26) angeordnet sind, wodurch der Planeten-
trager (30) durch eine resultierende Antriebs-
kraft zum Drehen gezwungen wird, wobei der 30 Revendications
Planetentrager (30) eine vordere AbschluBplat-
te (31) und eine hintere AbschluBplatte (33) 1. Systéme de transmission & engrenages pour un
aufweist, die anliegend miteinander zusam- propulseur & pales, comprenant :
mengepaBt sind, wobei sich der anliegende un train planétaire (8) incluant :
Kontakt zwischen den Platten (31, 33) iberei- 35
nen wesentlichen Teil des Umfangs des Tra- un ensemble planétaire (50) comprenant un
gers (30) erstreckt und wobei die vordere Ab- planétaire (24) ;
schluBplatte (31) auch mehrere Offnungen (76) un ensemble couronne de train planétaire (52)
aufweist; comprenant une couronne de train planétaire
eine Drehmomentibertragungsstruktur (10) 40 (26) ;
zum Antreiben einer Last, wobei die Drehmo- un ensemble satellites (56) comprenant une
mentiibertragungsstruktur (10) um eine Mittel- pluralité de satellites (28) logés dans un porte-
achse (14) drehbar ist und ein erstes Ende (9) satellites (30) et disposés mécaniquement en-
besitzt, das in einer Reihe von diskreten, unab- tre le planétaire (24) et la couronne de train pla-
hangig biegbaren Armen (78) endet, vondenen 45 nétaire (26) et en contact d'engrénement avec
jeder ein nahes Ende (29) und ein entferntes ceux-ci, le porte-satellites (30) comportant une
Ende (34) besitzt und axial durch eine korre- plague d'extrémité avant (31) et une plaque
spondierende Offnung (76) der AbschluBplatte d'extrémité arriere (33) accouplées en butée,
ragt, wobei mindestens ein Teil des entfernten l'une avec l'autre, le contact en butée entre les
Endes (34) jedes Arms (78) auf einem Radius 50 plagues s'étendant sur une partie importante
liegt, der gréBer ist als der der Planetenradach- de la circonférence du porte-satellites, la pla-
sen (32) und wobei die Drehmomentiibertra- que d'extrémité avant (31) comportant égale-
gungsstruktur (10) auch ein mit einem Drehteil ment une pluralité d'ouvertures (76) ;
(4) verbundenes zweites Ende (11) besitzt; und systéme dans lequel I'un de I'ensemble plané-
mehrere Verbindungseinrichtungen (79), die 55 taire (50), de I'ensemble couronne de train pla-

nétaire (52) et de I'ensemble satellites (56), est
un ensemble engrenage d'entrée recevant un
couple d'une source de couple et au moins I'un
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restant de l'ensemble planétaire (50), de I'en-
semble couronne de train planétaire (52), et de
I'ensemble satellites (56) est un ensemble en-
grenage de sortie susceptible de délivrer le
couple & une charge ; et

une structure de transfert de couple (10) com-
portant une premiére extrémité (9) se terminant
par une série de bras discrets flexibles indivi-
duellement (78), chaque bras comportant une
extrémité proximale (29) et une exirémité dis-
tale (34), chaque bras (78) faisant saillie axia-
lement & travers une ouverture de plaque d'ex-
trémité correspondante (76), les extrémités dis-
tales (34) des bras (78) étant reliées a I'ensem-
ble planétaire (56) par une pluralité d'articula-
tions (79), au moins une partie de I'extrémité
distale (34) de chaque bras étant a une distan-
ce radiale supérieure a celle des axes de satel-
lites (32), chacune desdites articulations (79)
se trouvant mécaniquement, par rapport a une
trajectoire de charge passant par la couronne
de train planétaire, entre la structure de trans-
fert de couple (10) et I'ensemble satellites (56)
dans lequel chaque articulation (79) peut pivo-
ter autour d'au moins un axe radial (86).

Systéme de transmission a engrenages selon la re-
vendication 1, dans lequel les articulations pivotan-
tes (79) sont situées, par rapport au porte-satellites
(30), de facon telle qu'une force de transmission ré-
sultante agissant sur le porte-satellites (30) et
qu'une force de réaction résultante exercée par les
articulations pivotantes (79) sur le porte-satellites
(30) coincident axialement.

Systéme de transmission a engrenages selon la re-
vendication 1 ou 2, dans lequel I'ensemble plané-
taire (50) est I'ensemble engrenage d'entrée, I'en-
semble satellites (56) est I'ensemble engrenage de
sortie et dans lequel I'ensemble couronne de train
planétaire (52) est stationnaire par rapport a l'en-
semble planétaire (50) et par rapport a I'ensemble
satellites (56).

Systéme de transmission a engrenages selon la re-
vendication 1 ou 2, dans lequel I'ensemble plané-
taire (50) est I'ensemble engrenage d'entrée, I'en-
semble couronne de train planétaire (52) est l'en-
semble engrenage de sortie et dans lequel le porte-
satellites (30) est stationnaire par rapport a I'ensem-
ble planétaire (50) et par rapport a I'ensemble cou-
ronne de train planétaire (52).

Systéme de transmission a engrenages selon la re-
vendication 1 ou 2, dans lequel I'ensemble plané-
taire (50) est l'ensemble engrenage d'entrée, et
dans lequel l'ensemble couronne de train planétaire
(52) et I'ensemble satellites (56) sont les ensembles
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8.

9.

10.

20
engrenages de sortie.

Systéme de transmission & engrenages selon l'une
quelconque des revendications 1 a 5, dans lequel
les articulations (79) comprennent des paliers
sphériques (80).

Systéme de transmission a engrenages selon la re-
vendication 6, dans lequel :

une premiére extrémité de la structure de trans-
fert de couple (10) se termine en une pluralité
de bras (78) comportant chacun un premier
trou sensiblement axial (98) les traversant ; et
dans lequel chaque palier sphérique (80)
comprend :

un boitier (82) fixé au porte-satellites (30) et
stationnaire par rapport a celui-ci ;

une boule (84) disposée a l'intérieur du boitier
(82) et capable d'un mouvement de pivotement
par rapport a celui-ci, autour d'au moins l'axe
radial (86), chaque boule étant également re-
liée a un bras correspondant de la pluralité de
bras (78).

Systéme de transmission & engrenages selon l'une
quelconque des revendications 1 & 5, dans lequel :

la premiére extrémité de la structure de trans-
fert de couple (10) se termine en une pluralité
de bras (78) comportant chacun un trou radial
(100) les traversant ;

dans lequel le porte-satellites (30) comprend
une pluralité de trous radiaux correspondants
(101) ; et

dans lequel un tourillon (104) est disposé ra-
dialement dans chaque trou radial (100), et
dans chaque trou correspondant (101) pour re-
lier, de maniére pivotante, le bati de couple (10)
au porte-satellites (30).

Systéme de transmission & engrenages selon l'une
quelconque des revendications précédentes, dans
lequel, le planétaire (24), la couronne de train pla-
nétaire (52) et la pluralité de satellites (28) sont bi-
hélicoidaux.

Systéme de transmission a engrenages pour un
propulseur & pales, comprenant :
un train planétaire incluant :

un ensemble planétaire (50) comprenant un
planétaire (24) entrainé par une source de cou-
ple d'entrée ;

un ensemble couronne de train planétaire (52)
comprenant une couronne de train planétaire
(26) stationnaire par rapport & I'ensemble pla-
nétaire (50) ;
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un ensemble satellites (56) comprenant une
pluralité de satellites (28) supportés dans le
porte-satellites (30) par des tourillons et dispo-
sés mécaniquement entre le planétaire (24) et
la couronne de train planétaire (26) et en con-
tact d'engrénement avec ceux-ci, de sorte que
le porte-satellites (30) est forcé & tourner par
une force de transmission résultante, le porte-
satellites (30) comportant une plaque d'extré-
mité avant (31) et une plaque d'extrémité arrié-
re (33) accouplées en butée, I'une avec l'autre,
le contact en butée entre les plaques s'éten-
dant sur une partie importante de la circonfé-
rence du porte-satellites (30), la plaque d'extré-
mité avant (31) comportant également une plu-
ralité d'ouvertures (76) ;

une structure de transfert de couple (10) pour
entrainer une charge, la structure de transfert
de couple (10) pouvant pivoter autour d'un axe
central (14) et comportant une premiére extré-
mité (9) se terminant en une série de bras dis-
crets flexibles individuellement (78), chaque
bras comportant une extrémité proximale (29)
et une extrémité distale (34), chaque bras fai-
sant saillie axialement & travers une ouverture
de plaque d'extrémité correspondante (76), au
moins une partie de l'extrémité distale (34) de
chaque bras (78) étant a une distance radiale
supérieure a celle des axes de satellites (32),
la structure de transfert de couple comportant
également une seconde extrémité (11) reliée a
un élément rotatif (4) ; et

une pluralité d'articulations (79) disposées de
maniére circonférentielle par rapport au porte-
satellites (30), chacune desdites articulations
(79) se situant mécaniquement, par rapport a
un trajet de charge passant par la couronne de
train planétaire, entre la structure de transfert
de couple (10) et I'ensemble satellites (56), et
chaque articulation (79) pouvant pivoter autour
d'au moins un axe radial (86) pour relier le por-
te-satellites (30) aux extrémités distales (34)
des bras (78), chaque articulation (79) exergant
une force de réaction résultante sur le porte-
satellites (30) et dans lequel les articulations
(79) sont positionnées de maniére axiale par
rapport au porte-satelites (30) de facon telle
que la force de réaction résultante coincide, de
maniére axiale, avec la force de transmission
résultante, au point central axial des satellites
(28), de maniére a transmettre, du porte-satel-
lites aux bras, la force de transmission résul-
tante sans imposer de déflexion en torsion au
porte-satellites (30).

11. Systéme de transmission & engrenages pour un
propulseur a pales, comprenant :

un train planétaire (8) incluant :
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un ensemble planétaire (5 0 ) comprenant un
planétaire (24) entrainé par une source de cou-
ple d'entrée ;

un ensemble couronne de train planétaire (52)
comprenant une couronne de train planétaire
(26) stationnaire par rapport & I'ensemble pla-
nétaire (50) ;

un ensemble satellites (56) comprenant une
pluralité de satellites (28) supportés dans un
porte-satellites (30) par des tourillons et dispo-
sés mécaniquement entre le planétaire (24) et
la couronne de train planétaire (26) et en con-
tact d'engrénement avec ceux-ci, de sorte que
le porte-satellites (30) est forcé a tourner par
une force de transmission résultante, le porte-
satellites (30) comportant une plaque d'exiré-
mité avant (31) et une plaque d'extrémité arrie-
re (33) accouplées en butée l'une avec l'autre,
le contact en butée entre les plaques (31, 33)
s'étendant sur une partie importante de la cir-
conférence du porte-satellites (30), la plaque
d'extrémité avant (31) comportant également
une pluralité d'ouvertures (76) ;

une structure de transfert de couple (10) pour
entrainer une charge, la structure de transfert
de couple (10) pouvant tourner autour d'un axe
central (14) et comportant une premiére exiré-
mité (9) se terminant en une série de bras dis-
crets flexibles individuellement (78), chaque
bras comportant une exirémité proximale (29)
et une extrémité distale (34), chaque bras (78)
faisant saillie axialement & travers une ouver-
ture de plaque d'exirémité correspondante
(76), au moins une partie de l'extrémité distale
(34) de chaque bras (78) étant a une distance
radiale supérieure & celle des axes de satellites
(82), la structure de transfert de couple (10)
comportant également une seconde extrémité
reliée & un élément rotatif (11) ; et

une pluralité d'articulations (79) disposées de
maniére circonférentielle par rapport au porte-
satellites (30), chacune desdites articulations
(79) se situant mécaniquement, par rapport a
un trajet de charge passant par la couronne de
train planétaire, entre la structure de transfert
de couple (10) et I'ensemble satellites (56) et
chaque articulation (79) pouvant pivoter autour
d'au moins un axe radial (86) de fagon a relier
le porte-satellites (30) aux extrémités distales
(84) des bras (78), chaque articulation (79)
exercant une force de réaction résultante sur le
porte-satellites (30) et dans lequel les articula-
tions (79) sont positionnées axialement par
rapport au porte-satellites (30) sur un plan com-
mun perpendiculaire a I'axe central (14) et sur
la ligne centrale axiale (112) des satellites (28)
afin de transmetire la force de transmission ré-
sultante du porte-satellites (30) aux bras (78)
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sans imposer de déflexion en torsion au porte-
satellites (30).

12. Systéme de transmission & engrenages selon lare-
vendication 10 ou 11, dans lequel I'ensemble pla- 5
nétaire solaire (50) est un ensemble engrenage
d'entrée pour recevoir un couple d'une source de
couple, dans lequel I'ensemble couronne de train
planétaire (52) est un ensemble engrenage de sor-
tie pour délivrer un couple a une charge, dans le- 10
quel le porte-satellites (30) est stationnaire, et dans
lequel la seconde extrémité (11) de la structure de
transfert de couple (10) est reliée a une structure

non tournante.
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